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Publication Title: 

MANUFACTURE OF HIGH STRENGTH STEEL PRODUCT FOR OIL WELL 
USE, EXCELLENT IN SULFIDE CRACKING RESISTANCE 



Abstract: 

Abstract of JP 2000313919 

(A) PROBLEM TO BE SOLVED: To manufacture the steel product with high 
energy efficiency by subjecting a steel stock which has a specific composition 
containing C, Si, Mn, P, S, Mo, Al, Ti, Nb, N, and B and in which yield strength 
and Mo content satisfy a specific relation to hot working, hardening treatment, 
and tempering under respectively specified conditions. SOLUTION: The steel 
stock contains, by weight, 0.10-0.25% C, <=0.5% Si, <=0.5% Mn, 
<=0.015% P, <=0.005% S, 0.8-2.5% Mo, 0.005-0.1% Al, Ti in an amount in 
the range between 0.005 and 0.1%; and 3.4 times the content of N or more, 
0.01-0.1% Nb, <=0.01%; N, and 0.0005-0.0050% B, and further, a relation of 
Mo-0.15YS>=-18.8 (where YS is yield strength shown by ksi). The steel stock 
is heated to >=1,150 deg.C and hot worked. Finish working is completed at a 
temperature not lower than (Ar3 point +50 deg.C).; Quenching is done without 
delay to perform hardening, and a metallic structure in which as-hardened 
hardness in the position at the longest distance from the cooling surface 
becomes >=95% of surface hardness is formed, followed by tempering at 660 
to 720 deg.C. 
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Kf^3SiJKiioksija±^)aaMtc -hfr&wssc 

[ f»?£¥S 1 tfflC , C : 0 . 10-0 . 2 51 , S i 0 . 51 , Mn S 0 . , 
P^O.015%, S=S0. 0050%, Mo:0. 8-2. 5%, A1:0. 005-0. 1%,T 
i: 0.005-0. IK" Nc?) 3. 4fgJ2U:,Nb:0. 01-0.1%, N^O.01 
%,B:0. 0005-0. 005%, MtC^tJE tCr, W, V, Zr , Ca, Mg, RE 

M tf<?) iaeLh*^rL,ksi-C^S*i.*l*f«filBfSi:MoJi 

m, m-h tAr 3 *iii±^vsjs*^m?^-r-i»^A^Ji l , 
« 660-720 °c -cimttm . 

a=Mo-0.15YS^-18.1--(l) 
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C : 0 . 1 0 — 0. 2 5%, 
S i SO. 5%. 
MngO. 5%. 
P ^0. 015%, 

5 gO. 005 0%, 
Mo : 0 . 8 — 2 . 5%. 

A 1 : 0. 0 0 5 — 0. 1%. 

Ti : 0. 0 0 5 — 0. 1%T"NC7)3. 4f§iil±. 

Nb : 0. 0 1—0. 1%. 

N gO. 0 1%, 

B : 0. 0 00 5 — 0. 0 0 50%SML, ^Ok 
s i V&Ztl&WXSb&Y S t M o*<75BWfc&*TIE 
( 1 ) ^S»JE.^4«l*«*fi: LT, 3tX&£ 115 0 
ICfiUifcM&Ufca, SJMSttlllfcttU Ar 3 fi+5 0 

jSGLhOftK** 6 £ 'MAMS fcTOW 

titwtiitfflcaitti its ma4 4 

6 0-7 2 0'C«^S^T"M^H-rii:*#mt-rSHM 
a=Mo-0. 1 5YSS-18. 1 (1) 

[it*ii2] mm%x\ 

C : 0 . 1 0 — 0. 2 5%. 

S i g 0 . 5%, 

MngO. 5%, 

P gO. 0 1 5%. 

S g 0 . 0 0 5 0%. 

Mo : 0 . 8 — 2 . 5%. 

A 1 : 0. 0 0 5 — 0. 1%. 

Ti : 0. 0 0 5 — 0. 1%T"N^3. 4fgJJlh. 

Nb : 0. 0 1—0. 1%. 

N g 0 . 0 1%, 

B : 0. 0 00 5 — 0. 0 0 50%^ML, i^k 

s i -e&Zti&MXSb&Y stMo MfomWTIi 
( 1 ) 3$*»J£U Hfc, 
C rgO. 8%, 
W gO. 5%. 
V : 0. 0 1—0. 1%. 
Zr : 0. 00 1—0. 0 1 0%, 
Ca : 0. 00 1—0. 0 1%, 
Mg : 0. 0 0 1—0. 0 1%, 

REM : 0 . 00 1—0. 0 1 %<Do *> 1 Sifcli 28 
IiL±£ltr*ir-S#I£SWi: LT. fl««£ 1 1 5 O'CliL 

±tMRLfc«, swsHnmMsu Ar 3 js+so-oa 

ic^^^^SMA^JM^fi^T , }££PflB*^ 

» & Btfut awsms tc & (t s m a * 4 § &&m$m 



-72 ox;cr > &]gx'Mism~tz t zmkb-tzwimm 

«=Mo-0. 1 5YSS-18. 1 (1) 

[1W3&H3] fi*%T\ 

C : 0 . 1 0-0 . 2 5%. 

S i gO. 5%, 

MngO. 5%, 

P gO. 0 1 5%, 

S gO. 0 0 5 0%. 

Mo : 0 . 8— 2 . 5%, 

A 1 : 0. 0 0 5-0 . 1%, 

Ti : 0. 0 0 5 — 0. 1%TNC03. 4f§IiLt, 

Nb : 0. 0 1—0. 1%, 

N gO. 0 1%, 

B : 0. 000 5 — 0. 00 5 0%^tf L. ^Ok 

s i -cms ti& mm&Y s t m o m^mm^rm 
( 1 ) is&mM.'tsM&mtk u 1 1 5 o°c 

t Ls SJniui^itjfr^SWiaKS- 9 0 o°c&t4t-^ 

TS-WSft, 9 0 0~10 5 0X;|CSMiltU Ar 
3 *+5 0°Clil±^aft-r-'{±±ifJaTSr^TL5tf*, IS 

T , ftSSmW* 6 « «Wt(Wf fflt t tj if h 'MA 4 4 

com § «&aiaffl«« s«95%i.i±t^s t 

U il^6 6 0~7 2 0°CiO^T)K#M-f-^ i: 
a=Mo-0. 15YSS-18. 1 (1) 

[itt&B4 ] H%T\ 

C : 0 . 1 0-0 . 2 5%, 

S i gO. 5%. 

MngO. 5%. 

P gO. 0 1 5%. 

S gO. 0 0 5 0%, 

Mo : 0 . 8— 2 . 5%, 

A 1 : 0. 0 0 5-0 . 1%, 

Ti : 0. 0 0 5 — 0. 1%TN<7)3. 4fgJMh, 

Nb : 0. 0 1—0. 1%, 

N gO. 0 1%. 

B : 0. 000 5 — 0. 0 0 5 0%Ot^L. **Ok 

s i -c^s as Kwssa y stMo s^ro^^'Ti 2 
( i ) assswau ic, 

C rgO. 8%, 

W gO. 5%, 

V : 0. 0 1—0. 1%, 

Zr:0. 001 — 0. 01 0%, 

Ca : 0. 00 1—0. 0 1%. 

Mg : 0. 0 0 1—0 .0 1%. 

REM: 0 . 0 0 1 — 0. 0 1 %%^-t&M*WMb 
U HmttZ 1 1 5 0°CJJLht;J[llSLJt«. ^#7131 
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JK£- 9 0 O'CaTtX-Wr^-ttzik. 900—1050 
ICteBJlflRfcttU Ar 3 jS+ 5 OTX^X^SJKTttX 

SIAMil* fro T , J£iPi»> tftii KfefeMtf 
fiHKc*i »t * MA £ 4 <0SS § j&^SJflH tf>« $ CO 9 5 % 
^Xth^h^SMMh U MV">T 6 6 0 — 7 2 O'CWift 

a=Mo-0. 15YSS-18. 1 (1) 

[00 0 1 ] 

mmzm^x. ncsai^^Mftim (sulfide st 

ress Crack i ng , S S C fc B&"T ) izfft £ ffifjitt fcfft 
[00 02] 

o . mniwm-b - 10484 v^QmszJLbtLhz. 
o%&w&m^ti. wmmt lt i 2 oksi mmt 

[0003] c\c?m&tj^mmzmmt^hm^m 

ZtZilX ^Ti5 0 s W*.fcP&HPF 5-271772 

& . it»MA££ fc S fc , 3:4 fcftW 

sscttmsT-^ikv^araii* 1 **. zcotzub. mt 

BtK**l 1 Oksi £jg;ia±'3&i^jKJHW£E£&IA 
[0004] 

ffltt»fe. TOKl 1 Oksi ELLtf)&3&££*U *>o 
[00 0 5] 

£ XTig-^-o+^MH £ # S tcM o fz . * CO 1*1 £ £ 
J^TteS*^* . &g££JHWtf) s s c kH&#j&»&£ t h , 



— ^WT'^WUf^^V^ 1 1 Oksi ELLtf)!i96Jg 

WiTiratWfc%— -sit sWsfcwca § . tt, 

ggv ^iUffl t * 0 - +#&if s s cttj6* 

Ml**!!* L v ^ t tew 5 * T" i> £■ v ^\ mmWcoi%r& 
*\ i^ftXttWt* 47C*<o*^rM«II»5rif* 
#JtLT. ^fKHj^BWfc-r* 1 1 Oksi £Lh<?5B3ftK 
V vr£g| fc * § 3k ft* $>M LtMk* M 1 £ 

[ 0 0 0 6 ] H 1 14, 2 5mm|*Ij¥0«S|ffijM«^. ffilSI 

fzim ht£h mmrfrCtM t mx^mm.T mi 

C^«51§^ffiilTgP«5s!§ t Oj:tT"9 5 %£Ui"Ct> 
tlii. 1 1 Oksi ft&J&Tfc ->tt S 

s c <i> S i: COMM. * . 

[0007] mmit^i^^-itmmmzmmt l 

T , S S C ifSttfc^E-r sgfiJgfc -^^7C«#**<7)M^ 
*«WLfcl6ft, m 2 fife . -r=5r*)*> , sscft 

1 Oksi c7)^^3#^V^T+^WSSCttSr^ 
•^1,^(4. Mo^-*i«4 0. 8%iilX^M-C-*D. 5r 

= Mo(wtt) -0. 15YS(ksi) j&*-18. llJUii: 
■T S^^S) S Z 1 5r ftlE Lfe . 
[0 0 08] Lj&^L tff}*<7)%-fflliSrft^X. 

WLLfCo MAB#^ffi«^%-t L, P, M 

51:, CrMI^LTO. 8%SiS$riSi: LT, HS 
S C tt^'A & < ^ffc-t £ <! i: /t . 

[0009]i*, c riimx^mUcofzibiZi^m^TV 
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[0010] § itSMA&S- £ i: . BJn»MA 
^Jt^T^-Xx^^ bWf§<^9. S!Attii[*I± 

C : 0 . 1 0 — 0 . 2 5%, 

MngO. 5%. 

S sSO. 0050%, 

A 1 : 0 . 0 0 5 — 0 . 1%. 

Ti : 0. 005-0. 1%X* 

Nb : 0 . 0 1—0 . 1%. 

B : 0. 000 5 — 0. 00 

C r ^0 . 8%, 
V : 0 . 0 1— 0 . 1% 
Ca:0. 001 — 0. 01% 
REM : 0 . 0 0 1 —0 . 0 1 

«M«#TIB ( 1 ) ^ffi^ZMZmttb LT. IS« 

r 3 * + 5 0 iC£Lh<?3ilirCft±{f SOX * t fcflL 
Wb t,Z A r 3 jStf*Lh0>fiKA» 6 Stf^ & MAMS * 
T , ft£I3li#> 6 « fc iSWffiH £ tJ ft & MA 4 4 
«51 £ jW&SISEOHB § so 9 5 %£LL t £■ & #«ffl*S t 
U 1^X6 6 0-7 2 0 "CcO^Ogf^ # M-T £ i: Sft 



a=Mo-0. 1 5YSS-18. 1 (1) 

( 2 ) ±12 ( 1 ) £IBS?>Jfcfr£#*U **ok s i 
•C^S^HM^HSYSfcMoi^BBflSs&friB (1)3$ 
U M«»2r 1 1 5 OX^SUifcJn 

MfexSitcir«^«MKaie* 9 o orurF^WFS-tbt 

f*. 9 0 0— 1 0 SOICtSJtfRSffcL, Ar 3 j£+ 5 
0 •C£Lh(!0iBircft±tf JnXSr^T LfcfiL KCAr 

6 6 0-7 2 0°C«?ajS-C-^^Mt-i £ *?«Ri:^&B 

a=Mo-0. 15YSS-18. 1 (1) 

[0012] 



(4. n b^M^b-y^«^«ffl-f--g>^)^'»t*»ij 

S N b (4 C r t ftflL MMMt^ii 
T&ffiME£»bT Ltd WW'S * fcflKtEroi * *n 

[0011] #f£HJJi. ULL^ttjL£tt^Tflfj£L*: 

( i ) mm%x\ 

SiSO. 5%, 

P i0. 015%, 

Mo : 0 . 8 — 2 . 5%. 

NC03. 4{§Jil±. 

N g0. 01%, 
5 0% 

W g0. 5%. 

Zr : 0. 00 1—0. 0 1 0%. 
. Mg : 0. 00 1—0. 0 1%. 

JS i: ^^«rtBft.tttt«Xttfc«c#: L T *S 0 . 0 . 10 

u mzmim**mmLx?mm.m:Wzt txi>+ 
^mmmwittmm £>tv% v ^ — * , o . 25%sr 

# s «i«rjiijW£ 1 4 . zcotztb. mjEmm z o . 1 o 

— 0. 2 5%fc Lfc. 

[0013] si : s i idtanxetctstt&JMlBWAsa 
#t/tl.^T*^#\ 0. 5%^jg^T#*-§ixSkii 
LW«ftftWh.tt fc 4 fcftJJK ^0.5% 

[ 0 0 1 4 ] M n : M n(4^^ift»lh.ttfc:*W ! 5^aR 
Om!)D-r^§T^V^ s MAtt^ItlX^^^^fflt 

^<MA#g*^+^ : 5r*i^^{i:. 0. 5%*±MkLT 
Hi^^tXi»&\\ Uj^L** 1 ^, 0. 5%&Mz-X^ 

tt«f#^^^sOT\ 0. 5%£±RBfcLfc. 

[0015] p : piie#te««f L*rwa^t«rtWi.tt* 
Tm&msiws&fmis'^vbL't:. o. oi5%^±i 

[ 0 0 1 6 ] S : S fcfStlfiteWW LTBSfiMMOti-ttS: 
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/WCfPffil-f-^^-CSiS* 1 . 0. 0 0 5 0 %OT^tEHT- 
li* t v «f s s c ttco^MWi Jt^ix^v * ; , o . 
0 0 5 0%&4ftiMn±lRb Lfc. 

[ 0 0 1 7 ] Mo : Mote^HJWCfcJtSi&SOc^tfU 

oT\ B S S C ttlc**^- P ^¥il?-««f SrTOJ-T &7cm 

Itmfmb LT Y S ^ 1 1 Oksi (^m^&mmT+^m 
s s c ttSrffiffi-r h fcli 0 . 8 t * 

[ 0 0 1 8 ] A 1 : A 1 !4|giMlgTM£-HHdIiiltt 
0 , 0 . 0 0 5%JSLt£-&*$-£5 . 

[ 0 0 1 9 ] T i :Ti(l ta«BW^Att?r+tfc 

B&ltf-Sfcftfc:. ^fftN£T i Ni; LTHS^-S^* 4 
S> 0 . H COtlWZ 0.00 5 %l^JLti3& 1 -ON#^r4(7) 3 . 

A5rT i N^jfttlSrffijftLT S S C>i;S'[4£,«ft&0 
T\ 0. l%*±RkUfc. 
[0020]Nb:Nb(l *<Z>fflfiMfca6S*St L-T P 

^JMWf s s cttas:#tc^^7c« 

o. o i%ja±*-*^rs**. u&>u 

izXt fiJHJUHBTfc i -5 T W s s c tt^ffiT-f £ 
ft. ±RB£0. 

[0021] n : NiiBcomA^mw-t^mmjtm 

[00 22] B : B«^L<MAtt^52«-r^7C*-C* 

o.ooo 5%*««o*rci4, +MiAtt*Wf 

g==S:V^:ft, £*i.£TRR£Mi: Lfc. 0.0 0 

5 0%^^i.T-#*$-y:T^MAtteSC#S&a{i:l&SltT 
ts "3 . trU*lK«l'ffc!H(<o«fffis&WFfc ! flroTWS s eft 
j&^fc-^Sfcft, ±RB#*S£ 0 . 00 50«tLfc. 
[0023]« = Mo-0. 1 5YS : M3 IZjpct £ 0 
tC, (ksi ) fciV'MoMi (wt%) <7) 

LTSmSftSacoffi**- 1 8. lJ2Uifc$:4 
i: . flfchJtWS S C&mbti. -18.1 *T®&k 

m«com.msmz3kft$:ffiti txi>, m&t^m s s 



[0024] ^mmxu, iMEjtmizimtx , i&Bfcis 

C r : C r{4jg!Att£Aft&7nSi: LTWJB"?****, 
M o%b*CDMc07mx~+ft%:f&A&$:m&T% h^\iz 

xt^^h-mMtsiVK mn%x&x\ 1 oksi jsll 

wfttKautfcWJ: 3 0. 8%£S;i& 

^(iHsscttS^-ftS-frftwc. *<7)_hRB£ o . 8 
%fc Lfc (H3#BB) . 

[002 5] W: WiMAttSriSft. MMt^tffifiSr* 

ftsffffi******, o. oi%*.mxwcomm$.+tt 

0. 0 1-0. 5%^®lE^-**OtEHt Lfc. 
[0026] V : V(4«^^fiLfc^4ftfflj&** 
0, 0. 0 l%!JLh^*T'ft5iMW;*-fiJ-C^-&*^ 
i*te-£W3-fr4fcWSSCtt##fW4fctf>, 0. 1 

[ 0 0 2 7 ] Z r : Z rJ4P<J5S*flBf*ftI«l^ft^ffl 

*<Ofc«>fc:ttO. 0 0 1 %J2Lhtf>-£^ftf*&H 

iWBHj* 1 *^, s s ammmt ^imm^hhtz 

ft. 0 . 0 1 0%£±Mt Ltz, 
[0028] Ca, Mg, REM: Z.tlt>\±itW%<7>& 

mMmttxs&jm^mm-htmz, szmmt 
x s com&mffi & (SM~f" § * *-r s . v ^-r^i t, . 

0.001 %5kffi<7>l£^T&-i-tt%:%)mtfnt>tv?. & 
fo&titb, 0. 0 1 0%^±Rgi: Lfc. 

[0029] ixt, ^jgwtfctt&IBi^fefrtov^ii 
r . mm^^r lx mm. l t l < (ii^t 

i: com a^jgttt^Ria sax* m l , »**tt±tf jdx^h 

[0030] 8tH*i«nffc:ji6^&«^»H 

t-xtt^ bfiJg^i^#*Jf^l>t#^^^i. iss 
Ctt^HHjS3&>6 . H 5 iztjk-t J: 3 t«T*ifl^tt 9 0 0 
°COT. SJD^SJS«4 1 0 5 O-COTfclftS^-iifiSS** 

s us l x mmmz a r 3 jsuy±«*tAffiie * a 

ffi-T £ fcft C9 0 0 °cm±*^S-C-* £ o 
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[0031] mxttibnmtffimte. a r 3 M$xk& 
t&mx'hh,, ■ztiiz. Ar 3 ^Trntm^—^jv-f-y 
*m him£to& i t -r . m s s c&tffiT-tt 

tztbXfoh. £<a«AiBfltell*$-*fctf>fc, SSEHnil 
<?)«**tt±tf &gfi A r 3 + 5 0 °Clil± ttl»* s iiL 
V*. ^T*3. *3MBfc*S»t*ft£a9Ar 8 jftJ48 3 0X5g 

MA&*vmx%&„ 

[0032] mttcomm^mt lt{±, i i 5 o°ciii± 
a hfmM^mm-t^zMzn 1 2 6 o-cm 5 !* t 

[00 33] MMsO&^fefri: LXi±6 6 0 — 7 2 0*C 
SrjUEiEHfc L£<, 6 6 0^*}f ^f&S^fKliY S* 1 
a<^ l 9iii^Tfrieo;^ffi< : 5r'5TLi 3fctf>. ilfit 
^liSSCtt^i^V^ 720°C£jgi.£ 

s s c m^mm £ & & . zotztb, mm* 

tiffflH&kftk LT 6 6 0-7 2 0*C*K£Lfc. 
[ 0 0 3 4 ] mrj*^^P H 1#?LjlME?i^a;t (4. 



[003 5] 

*ut n^r * h 4 t^-r ; \° 9 - >x%mt h PbIS^LjIM 

JBE L , 24 4. 5 ram. |^JP 2 5 mm<7)« g tep 

&tmz. 3\%M^X 630 — 73 0°C^S«T-«M 

[00 36] £fz. ZngmLttcommtp'kffiXVNA 
CE-TMO 1 7 7-A(;S5££iX&WgP;ft£2 5m 

m. its 6. 2w*coftmm£coWiitmiitimm£m®. 

L, 0. 5%SS+5%NaCl$-^tlH 2 S£l^ 
ft£fc&<Z) 8 0 %?)-SeJ£7J Srttfln t £ £ , 7 2 0 I^H 

[0037] mxm±. mm*>b%mzimmgrmz 

(7)9 5 %\&±X'foK\$ .ftj? i: fftiff Lfe . W S S C fi« 7 

[0 0 38] KittSa*^2fciKf-. ^2tC^(t^N 

0 . 1 — 12 J±*»^w(BHfc:^'4*t4itlWtft'C* S 
jfi«, YST'llOksi *jBi.«flHMEi:flfch.fcBSSC 
tt*R^fc»jaT# ^> . — Jti^JN o . 17*^2 

5 lij«4h&**fK8<75M£iWi* MT%W$s s c 

itt)******^, Jti^JNo. 26, 2 9Ha^ 
HJiDiEH^Mvefc 0 , itiS^J2 7 , 2 8!MILiSS 
t a^HBiJcoiEH^^ixTfc 0 . it^JN o . 15, 

1 6 •etiMAia^^jSWC* 1 No. 13, 1 4 12 

X^&tztb. m&t^ Mssc tztix v^vk 

[0039] 
[Iftl ] 
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W 


c 


S i 


Mn P ; 


* 3* Mo 


A 1 


T i 


Nb 


* * 
N H 


ri/N 


C r 


W 


V 


Z r* C a* Mg* RSI* 




A 
j\ 


n 94 
u. 


n i c 
U. Id 


0. 45 81 


10 


0. 82 


0. 040 


0. 035 


0. 029 


70 


15 


5. 00 


0. 68 


0.25 


0.02 


21 


Tfc- 

<^»- 


B 


0. 19 


0. 16 


0. 33 70 


25 


1. 00 


0. 029 


0.031 


0.019 


50 


13 


G. 20 












C 


0. 20 


0. 15 


0. 33 70 


13 


1. 25 


0. 029 


0.031 


0.019 


55 


13 


5.64 


0.21 










D 


0. 20 


0. 21 


0. 13 79 


25 


1. 41 


0.036 


0.075 


0.021 


39 


7 


19. 23 














0. 15 


0. 25 


0. 08 8/ 


16 


1. 80 


0.038 


0.021 


0.031 


41 


38 


5. 12 








15 15 




F 


0. 12 


0. 15 


0. 22 56 


8 


2. 21 


0.047 


0.029 


0. 041 


SI 


11 


5. 69 










G 


0. 21 


0. 19 


0. 05 35 


9 


1. 50 


0.035 


0. 041 


0. 031 


45 


21 


9. 11 


0. 10 






21 12 




H 


0. IS 


0. 21 


0. 30 62 


25 


1. 55 


0.026 


0. 009 


0. 018 


65 


13 


1. 38 
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